INTRODUCTION
C lick chemistry, a technique offered by Sharpless et al. [1] in 2001, acts as common synthesis methods and gains popularity in the last few decades. "Click" chemistry includes a set of simple strong linking reactions which have high yields, take minimum purification, and are versatile in participation various structures without the prerequisite of conservation steps [2] . "Click" chemistry applications have been widely studied recently [3] [4] [5] [6] . The decent described synthesis of graft copolymers is an important topic in macromolecular chemistry [7] . Graft copolymers which supply particular compositions of physical features are the most appropriate substances for various purposes [8] . Polyvinyl chloride (PVC), one of the most common and important functional polymers, has been kept steady growth of the production and consumption over the world [9] . PVC is less dependent on crude oil or natural gas comparing to all other polymers, which are nonrenewable such as polyethylene, polyethylene terephthalate and polymethyl methacrylate. Block/graft copolymers, having polyethylene glycol (PEG) units, are very appealing substances for chemicals, industrial and biomedical practices, as PEG has unparallel features such superior hydrophilicity, flexibility, ion absorbability, and a superior grade of biocompatibility [10] [11] [12] [13] [14] [15] [16] [17] .
The synthesis of propargyl polyethylene glycol (propargyl PEG) obtained by reaction of PEG with propargyl chloride were introduced in the present study. After purification of PVC, terminally azide polyvinyl chloride (PVC-N 3 ) was synthesized by using the reaction of PVC with sodium azide (NaN 3 ). Propargyl PEG and PVC-N 3 were used to obtain poly (vinyl chloride-g-ethylene glycol) [poly (VC-g-EG)] graft copolymers via "click" chemistry. Characterizations of the products were discussed in detail.
MATERIALS and METHODS

Materials
PVC (approximately Mn=22,000 g.mol -1 ), copper(I) bromide (CuBr), N,N-dimethylformamide (DMF), NaN 3 , 2,2′-bipyridyl (bpy), propargyl chloride, and chloroform were received from Sigma-Aldrich, tetrahydrofuran (THF), PEG, ethanol, petroleum ether, and triethylamine were supplied by Merck Millipore and all used as received. Diethyl ether and petroleum ether were received from Carlo Erba Reagent, methanol was supplied by Kimetsan and all used without further purification. The other chemicals were reagent grade and used as supplied. Figure 2 e] in deuterated chloroform as the solvent, with tetra methylsilane as internal standard, were detected using a Bruker AVENCE III, ultra-long hold time 400 MHz NMR spectrometer. The molecular weights were determined by Malvern Viscotek RI-UV-GPC max gel permeation chromatography (GPC) with THF as solvent. A calibration curve was composed by using three polystyrene standards: 2.960, 50.400, and 696.500 Da, of low polydispersity. The elemental analyses of the samples were performed on a Costech ECS 4010 instrument.
Instrumentation
Purification of PVC PVC was purified as the cited literature [18] as follow; 30 g of it was solved in 120 mL of THF in 24 hours, and precipitated in methanol and dried under vacuum at 45 o C for 24 hours before use.
Synthesis of Terminally Azide Polyvinyl Chloride (PVC-N 3 )
The similar procedure described in the cited literatures was applied for synthesis of PVC-N 3 [3, 19] . A fixed quantity of purified PVC, NaN 3 , and DMF were placed into a flask as shown Table 1 . The flask was immersed in an oil bath fixed at 60 0C on a magnetic stirrer, and afterwards nitrogen gas was introduced in the tube by injection with a needle. After fixed time, the flask was opened, and the content was filtered. The solvent was evaporated by using a rotary evaporator. The mixture was drained into excess methanol to separate PVC-N 3 . The product was dried at room temperature under vacuum for two days. PVC-N 3 yield was defined gravimetrically.
Synthesis of Propargyl Polyethylene Glycol (Propargyl PEG)
The similar procedure reported in the cited literature was followed for synthesis of propargyl PEGs by using PEG with 600 Da and PEG with 1000 Da [19] . Specified amounts of PEGs (3000 Da, 2000 Da, 1500 Da, 1000 Da, 600 Da, and 400 Da) in fixed amounts of chloroform was mixed with certain amounts of triethylamine as shown Table 2 .
The solution was transported into a 250 mL schlenk flask with a magnet and a nitrogen gas input. The flask was cooled down to below 0 o C and nitrogen gas was injected into the flask. This solution was added certain amounts of propargyl chloride in 5 mL of chloroform via a dropping funnel for the duration of half an hour. The solution was stirred for half an hour at down to below 0 o C. Afterwards, the mixture was slowly warmed to room temperature and the reaction was terminated. After fixed times, solvent was partially evaporated and the residue precipitated in cold diethyl ether. The product was kept in a refrigerator overnight. After decantation, the product was dried at room temperature under vacuum for two days. The yield of propargyl PEG was defined gravimetrically.
Synthesis of Poly (VC-g-EG) Graft Copolymers by "Click" Chemistry
The "click" chemistry was carried out by Bakker et al. [19] on the tip of Ostec electrode with installed membrane immersed in the reaction mixture by using the PVC membrane including azide groups, clickable tetraethylene glycol (or PEG 600, or PEG 1000, or clickable dicysteine), CuSO 4 .5H 2 O and ascorbic acid. Poly (VC-g-EG) was synthesized by "click" chemistry in the present study. Specified amounts of PVC-N 3 , propargyl PEGs, CuBr, bpy, and THF (as solvent) were charged separately into a 250 mL schlenk flask, then, nitrogen gas was injected in the tube for five minutes in according to "click" chemistry mechanism. The flask was immersed in an oil bath thermostated at 35 0 C for specific times. After the polymerization, the flask content was filtered. Solvent was partly moved away by using a rotary evaporator. The mixture was drained into excess methanol to separate poly (VC-g-EG) graft copolymer. The polymers were dried at room temperature under vacuum for two days. The conversion of graft copolymer was defined gravimetrically (Table 3) .
Fractional Precipitation of the Graft Copolymers
Fractional precipitations (γ) of the polymers were determined by following to the process stated in the literatures [17, [20] [21] [22] . Vacuum dried polymer sample (about 0.1 g) was solved in 10 mL THF. Petroleum ether was added as drop wise to 5 mL of the solution with mixing until turbidity forms, and then 1-2 mL petroleum ether was added to complete the precipitation. The precipitate was moved away by filtration. The solvent was THF and the nonsolvent was petroleum ether. In this solventnonsolvent system, the γ values were determined as the ratios of total volume of nonsolvent used for first fraction to volume of solvent used.
The nonsolvent addition into the filtrate solution was proceeded in according to the same process talk about above to define the γ value for the second fraction if there is.
RESULTS and DISCUSSION
Synthesis of PVC-N 3 PVC-N 3 was synthesized by using purified PVC (FTIR in Figure 1a : 2863-2974 cm -1 for aliphatic -CH 2 and -CH groups; 1 H-NMR in Figure 2a: 2.2 ppm for -CH 2 , and 4.4 ppm for -CHCl protons) and NaN 3 . PVC-N 3 yield was between 92.72 wt % and 95.77 wt % ( Table 1 ). The first line in Scheme 1 includes the reaction pathway for synthesis of PVC-N 3 . The FTIR spectrum of PVC-N 3 in Figure  1b shows 2926 cm -1 and 2880 cm -1 for aliphatic -CH 2 and -CH groups, and and 2300 cm -1 for -N 3 groups. Typical -N 3 signal at 2300 cm -1 appeared in polymer sample, which was confirmed the expected chemical structure. The 1 H-NMR spectrum of PVC-N 3 in Figure 2b shows 2.2 ppm for -CH 2 protons, 3.0 ppm for -CHN 3 protons, and 4.3 ppm for -CHCl protons. Table 2 ); and (e) poly (VC-g-EG) graft copolymer (NL-2 in Table 3 ). Table  2 ); and (e) poly (VC-g-EG) graft copolymer (NL-2 in Table 3 ).
The results of elemental analysis of NG-1 in Table 1 show 39.98 wt % C, 5.98 wt % H, and 1.49 wt % N. The results of elemental analysis of NG-2 in Table 1 show 39.62 wt % C, 6.00 wt % H, and 3.91 wt % N. The number of azide groups which is present for modification with chloride groups was determined by using 3. 4 ppm for -OH, and 3.7 ppm for -OCH 2 protons) and propargyl chloride. Propargyl PEG yield was between 63.14 wt.% and 87.10 wt.% (Table 2) . Maximum yield of propargyl PEG was obtained by using PEG with 3000 Da. Minimum yield of propargyl PEG was obtained by using PEG with 1000 Da. The second line in Scheme 1 includes the reaction pathway for synthesis of propargyl PEG. It is more probably that there will be a population of three types of PEG which possess zero, one, and two propargyl end groups. As we used [propargyl chloride]/[PEG] =1/1 (mol/mol) in the reaction, we think that there could be zero and two propargyl end groups at very little amounts. To the best of our knowledge, the large quantity propargyl PEG has been obtained with a propargyl group in the chain end as we are used 1/1 (mol/mol) ratio to synthesize propargyl PEG. The other propargyl PEG possessed two propargyl functions could be acquired at the little quantities in the chain end. We are taking into account of propargyl PEG having a hydroxyl function and propargyl function for synthesis of the graft copolymer. The FTIR spectrum of propargyl PEG in Figure 1d indicates the characteristic signals at 3450 cm -1 for -OH groups, 2850 cm -1 for aliphatic -CH 2 groups, 2700 cm -1 for C≡C groups, and 1270 cm -1 for -OC groups. The 1 H-NMR spectrum of the product in Figure 2d also shows 1.3 ppm for -CH protons, 2.3 ppm for -OH protons, 2.8 ppm for -OCH 2 protons linked PEG block, 3.7 ppm for -OCH 2 protons of PEG block.
Synthesis of the Graft Copolymers by "Click" Chemistry Poly(VC-g-EG) graft copolymers were synthesized at 35 o C temperature by using "click" chemistry of propargyl PEG with different molecular weight and PVC-N 3 . The results of graft polymerization are shown in Table 3 . The conversion obtained from weight of copolymer was between 62.70 wt % and 85.80 wt %. High conversions were relatively obtained by "click" chemistry of propargyl PEG and PVC-N 3 . Maximum yield of the graft copolymer was obtained by using propargyl PEG (NN-2 in Table  2 ) synthesized using PEG with 2000 Da. Minimum yield of the graft copolymer was obtained by using propargyl PEG (NN-3 in Table 2 ) synthesized using PEG with 1500 Da. Scheme 2 contains the outline for synthesis of graft copolymer. Polydispersity index of the graft copolymers are between 1.32 and 3.23. Because of use of PVC, Mw/Mn values of the graft copolymers are relatively higher than expected. Figure 3 shows the unimodal GPC curves of graft copolymers (NL-1, and NL-4 in Table 3 ). Increases in the molecular weights of copolymers as compared with molecular weights of reactants can approve formation of graft copolymer. It can be observed poly (VC-g-EG) graft copolymers are relatively soft-rigid as PVC is rigid and PEG is soft. The FTIR spectrum of poly (VC-g-EG) graft copolymer in Figure 1e shows the signals at 3838 cm -1 for -OH groups, 3446 cm -1 for aromatic -CH for aliphatic -CH and -CH 2 groups, 1100 cm -1 for -OC groups, and 682 cm -1 for -Cl groups. Typical 1 H-NMR spectra of the graft copolymers in Figure  2 (e) shows 8.0 ppm for aromatic -CH proton of triazole group, 3.7 ppm for -OCH 2 protons of PEG group and -ClCH protons of PVC group, 3.0 ppm for -OCH 2 protons linked triazole group, 2.9 ppm for -NCH 2 protons linked PEG and triazole groups, 1.9 ppm for -CH 2 protons of PVC group, and 1.3 ppm for -OH. The observed peak at 8.0 ppm for aromatic -CH proton of triazole group was evidence which the graft copolymer was obtained. Table 3 .
Fractional Precipitation
The γ values of poly (VC-g-EG) graft copolymers were between 0.63 and 0.72. In the solventnonsolvent method, γ values were obtained 1.10-1.22 for homo-PVC [18] , and 0.25-0.35 for homo-PEGs (3000 Da, 2000 Da, 1500 Da, 1000 Da, 600 Da, and 400 Da). The γ values of graft copolymers are varied between those of homo-PVC and homo-PEG. Fractional precipitation behavior gives another evidence for the creation of graft copolymer. It can also be concluded that homopolymer formation is not available because no polymer precipitation is acquired at the γ values of related homopolymers.
CONCLUSIONS
A set of synthesis, "click" chemistry conditions of the graft copolymers, were achieved. The graft copolymers were relatively acquired in high yield and molar weight. The proposed procedure for the synthesis of graft copolymers is simple and efficient. The characterization of graft copolymers was accomplished by using 1 H-NMR spectroscopy, FTIR spectroscopy, GPC, elemental analysis, and fractional precipitation techniques.
